Evaluation of rutting resistance of coarse graded aggregate asphaltic concrete mixes in Clark County, Nevada by Stegeman, Jerold Dewayne
UNLV Retrospective Theses & Dissertations 
1-1-1993 
Evaluation of rutting resistance of coarse graded aggregate 
asphaltic concrete mixes in Clark County, Nevada 
Jerold Dewayne Stegeman 
University of Nevada, Las Vegas 
Follow this and additional works at: https://digitalscholarship.unlv.edu/rtds 
Repository Citation 
Stegeman, Jerold Dewayne, "Evaluation of rutting resistance of coarse graded aggregate asphaltic 
concrete mixes in Clark County, Nevada" (1993). UNLV Retrospective Theses & Dissertations. 271. 
https://digitalscholarship.unlv.edu/rtds/271 
This Thesis is protected by copyright and/or related rights. It has been brought to you by Digital Scholarship@UNLV 
with permission from the rights-holder(s). You are free to use this Thesis in any way that is permitted by the 
copyright and related rights legislation that applies to your use. For other uses you need to obtain permission from 
the rights-holder(s) directly, unless additional rights are indicated by a Creative Commons license in the record and/
or on the work itself. 
 
This Thesis has been accepted for inclusion in UNLV Retrospective Theses & Dissertations by an authorized 
administrator of Digital Scholarship@UNLV. For more information, please contact digitalscholarship@unlv.edu. 
INFORMATION TO USERS
This manuscript has been reproduced from the microfilm master. UMI 
films the text directly from the original or copy submitted. Thus, some 
thesis and dissertation copies are in typewriter face, while others may 
be from any type of computer printer.
The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 
illustrations and photographs, print bleedthrough, substandard margins, 
and improper alignment can adversely affect reproduction.
In the unlikely event that the author did not send UMI a complete 
manuscript and there are missing pages, these will be noted. Also, if 
unauthorized copyright material had to be removed, a note will indicate 
the deletion.
Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand corner and 
continuing from left to right in equal sections with small overlaps. Each 
original is also photographed in one exposure and is included in 
reduced form at the back of the book.
Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6" x 9" black and white 
photographic prints are available for any photographs or illustrations 
appearing in this copy for an additional charge. Contact UMI directly 
to order.
University Microfilms International 
A Bell & Howell Information Com pany  
3 0 0  North Z eeb  Road. Ann Arbor, Ml 48106-1346  USA 
3 1 3 /761-4700  8 0 0 /5 2 1 -0 6 0 0

Order Number 1352565
E valuation o f ru tting  resistance o f  coarse graded aggregate  
asphaltic concrete m ixes in Clark County, N evada
Stegeman, Jerold Dewayne, M.S.
University of Nevada, Las Vegas, 1993
UMI
300 N. ZeebRd.
Ann Arbor, MI 48106

EVALUATION OF RUTTING RESISTANCE 
OF COARSE GRADED AGGREGATE ASPHALTIC CONCRETE MIXES 
IN CLARK COUNTY, NEVADA.
By
Jerold D. Stegeman, P.E.
A thesis submitted in partial fulfillment 
of the requirements for the degree of
Master of Science 
in
Civil Engineering
Department of Civil and Environmental Engineering 
University of Nevada, Las Vegas
April, 1993
The thesis of Jerold D. Stegeman for the degree of Master of 
Science in Civil Engineering (M.S.C.E.) is approved.
Chairman, Moses Karakouzian, Pn.D
s
(-"T « C X U l '  _____________
Examining Committee Member,Samaan L^dkany,Ph.D.
Examining Committee Me^Jaer, Richard Wyman, Ph.D.
A 'V-Q €.V.O Y( S________________________________
Graduate Faculty Representative, Angelo Yfantis, Ph.D.
Graduate Dean, Ronald W. Smith, Ph.D.
University of Nevada 
Las Vegas, Nevada
April, 1993
ii
ABSTRACT
The purpose of this study is to evaluate the effectiveness of 
utilizing coarse aggregates in asphaltic concrete pavements 
for reducing rutting in Clark County, Nevada. Previous 
specifications used for asphaltic concrete mix designs in the 
Clark County area allowed for a wide range of aggregate 
gradations. The aggregate gradations in the asphaltic concrete 
mixes produced from these specifications tended to be on the 
finer side of the range. The pavements constructed based on 
the specifications were observed to be tender and susceptible 
to rutting. Paving projects were initiated which demonstrated 
that coarser aggregates in the asphalt mixes appeared to 
reduce rutting. This study will (1) present case studies where 
fine and coarse aggregate asphaltic concrete mixes were used 
in the pavement; (2) perform a comparative evaluation of these 
case studies and; (3) recommend an aggregate gradation for 
adoption in the Uniform Standard Specifications for Public 
Works' Construction Off-Site Improvements, Clark County Area, 
Nevada.
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CHAPTER 1
INTRODUCTION
PROBLEM
Many hot mix asphaltic concrete pavements within Clark County 
and throughout the country have experienced distress. Pavement 
distress can be in the form of rutting, alligator cracking, 
block cracking, joint cracking, shrinkage, settlements, 
distortion, stripping, bleeding, pushing, shoving, potholes, 
raveling, warping, polished aggregate, loosened materials and 
others. Pavement distress can be caused by age, climate, 
temperature changes, poor drainage, environment, moisture, 
oxidation, base and subbase materials; geological conditions, 
structural failure, mix composition, design, poor batching and 
construction, quality control, traffic patterns, chemical 
reactions and many more.
This study will demonstrate that at least one form of 
distress, rutting, can be reduced by a coarser, more uniform 
gradation of the aggregates. Rutting, for the purpose of this 
study, is defined as permanent pavement deformation, with a 
measurable differential vertical depth of rut. The study will 
present a simple and cost effective way to mitigate pavement 
rutting by controlling the aggregate gradation. The most 
common approach in reducing ruts has been to increase the 
upper sizes of the aggregate gradation to two inches or
greater. These larger aggregate sizes can cause problems with 
handling, equipment, material availability, design and quality 
control testing. A typical paving operation can effectively 
handle aggregates up to one inch in diameter. Accordingly, 
this study will utilize normal or common aggregate gradation 
ranges, up to one inch diameter and less. This gradation has 
a smaller percentage of fine materials passing the No.4 sieve 
and increased gravel content. This coarser graded aggregate is 
referred to as COARSE AGGREGATE GRADATION.
3PAVEMENT DEFORMATION
The geotechnical community has known for some time that a 
cohesionless soil has optimum strength and shear 
characteristics when the gradation plots as a straight line on 
the Federal Highway Administration's 0.45 Power Gradation 
Chart [15] (Figures 5,6,&7). Similar aggregate gradations can 
be used to increase strength in asphalt pavements. However, 
voids of the mineral aggregate (VMA) must be present to 
provide room for the asphalt cement binder and to allow a 
percentage of air voids in the final mix [14].
Skermer and Hillis [4] tested the effectiveness of 
cohesionless soil gradations in terms of high ultimate 
strength and high mobilized strength. They had shown that 
optimum gradations for high strength was a uniform coarse 
gravel. For each sorted size of material the optimum gradation 
for maximum density was found to plot as a straight line on 
the 0.45 power gradation chart [15]. The straight line is 
drawn from the origin to where 100% passes the maximum size of 
the material in the gradation. Since this study will limit the 
maximum aggregate sizes from 3/4" to 1" diameters, herein this 
straight line will be referred to as the 3/4" Maximum Density 
Line (Figures 5,6,&7).
Rutting, as observed in Clark County is predominately
concentrated at signaled intersections with heavy traffic 
volume. The schematic of Figure 1, represents a typical 
vertical traffic load being transferred through a fine graded 
asphalt mix. The stresses are transferred through the pavement 
matrix from larger aggregate, to bitumen mixed with fine grain 
material, back to a larger aggregate, and so on. When the 
temperature is high and heavy repetitive loads are applied, 
rutting can result. Reducing the bitumen and fine grain 
particles from the asphalt pavement will allow the load to be 
transferred directly from aggregate to aggregate (rock-to- 
rock) resulting in a more stable structure. This can be 
accomplished by coarser graded aggregates where a rock-to-rock 
contact is made and the asphalt film around the aggregate is 
reduced. The void area is filled with fine grained materials, 
bitumen and air.
Figure 2 shows the same transfer of vertical stress through a 
coarse graded mix by rock-to-rock contact. This rock-to-rock 
contact is accomplished by reducing the fine materials in the 
mix, increasing the larger aggregates, and obtaining adequate 
compaction during construction. Also, less bitumen is required 
in a pavement typical to Figure 2 than in a pavement typical 
to Figure 1.
It has also been postulated that extreme rutting found in 
intersections may be attributed to starting and stopping
actions in addition to vertical loading. The effect of this 
action can introduce an additional horizontal force component. 
This force tends to push, shove or corrugate the pavement 
surface. This pavement distress may be from movement of the 
aggregate by sliding or roiling within the structural matrix 
(Figure 3). Interlocking of the aggregate will stabilize the 
structure and resist the horizontal stresses. A coarse graded 
aggregate mix can result in rock-to-rock interlocking, 
distribute the stress over a larger area, and be less 
susceptible to rotation or movement.
The increased rock-to-rock contact in coarser graded mixes can 
also be demonstrated by visual inspection of core samples 
taken from actual pavements. Figure 4 is a photograph of two 
such core samples. The core on the right exhibits a fine 
graded mix, while the core on the left is from a mix with 
coarser aggregate. Intuitively the core on the left would have 
greater structural integrity and better shear transfer of 
vertical and horizontal loads than the right core, due to 
large aggregate interfaces, or rock-to-rock contacts. 
Gradation Chart Sheet 1 is a plot of the fine (right core) and 
coarse (left core) aggregate gradations of these cores. The 
fine graded mix falls above the 3/4" maximum density line, 
where the coarse mix is below the line.
Additional photographs of cores from actual projects and their
aggregate gradations are shown in Gradation Figures 6 and 7. 
It is clear from these examples that as the gradation plots 
below the 3/4" Maximum Density Line, the aggregate gradation 
is coarser, the asphalt content is reduced, and rock-to-rock 
contact increases.
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LITERATURE
Literature related to asphaltic concretes with coarse graded 
aggregates is limited. Although the use of large stone in 
pavement can date back to a patent issued in 1903 Prithvi [1] 
suggested that most paving companies in 1903 began using small 
stone aggregates to avoid patent infringement, and this 
practice is still prevalent today.
The literature reviewed did not indicate a specific study 
relating rutting reduction to coarse aggregate gradations with 
a maximum of one inch diameter or optimum gradations for 
asphaltic concrete pavements, which could be readily adopted 
by standard specifications. Anderson, et al [5] published a 
case study about Kentucky's experience with a large stone 
aggregate (2" minus material) for heavy duty pavement. Their 
findings demonstrated the effectiveness of increased aggregate 
sizes on the reduction of rutting on heavy truck haul routes. 
The gradations in the Kentucky study were 70% and 80% passing 
the 3/4" and 1" sieves respectively, with a maximum 2" size 
stone. They reported that in general, the amount of rutting 
experienced has been reduced significantly or eliminated in 
many cases.
Prithvi [1] believed that rutting of asphalt pavement is 
primarily resulting from high pressure truck tires and
increased weight of the trucks. He suggested that design of 
hot mix asphalt which served reasonably well in the past needs 
to be re-examined to withstand the increased stresses. Various 
asphalt additives are being promoted to increase the stability 
of pavements subjected to high surface temperatures (desert 
climates). He also contends that most asphalt technologists 
believe that fundamental changes in the aggregate component 
(size, shape, texture and gradation) of the pavement must be 
made before changing other components of the pavement 
(bitumen, additives). There is general agreement among experts 
that the use of larger size stones will minimize or eliminate 
the rutting of asphalt pavements under heavy duty use. 
Although Prithvi's paper was written about modifying Marshall 
procedures for testing of large stone mixes, he did not 
address an optimum gradation or the effectiveness of rut 
prevention.
Europe has been ahead of the United States in the awareness of 
the effect of heavier aggregates in asphaltic concrete mixes. 
Peattie [2] described a paving operation in England and 
performance of a "grave-bitume", which is a crushed gravel mix 
with harder bitumen, increased fillers and less oil. 
Unfortunately, he did not list the gradations used in the mix. 
He stated "The exact proportion of crushed aggregate that 
should be used depends on the traffic intensity, but it is 
always quite large". The aggregates had an upper limit which
16
ranged in size from 20 mm (3/4") to 31.5 mm (1 1/4"). He 
concluded that the primary objective in developing "grave- 
bitume" was to produce a material which would have high 
•resistance to permanent deformation under heavy traffic 
loading. This was achieved by using a bituminous mix with a 
strong stone skeleton, having a high filler content, and 
incorporating a harder bitumen. The article affirmed the 
benefits of a larger aggregate skeleton and lower oil content.
To date, no standard acceptable laboratory testing procedures 
have been developed to predict rutting potential. However, 
Monismith and Tayebali [7] presented some interesting results 
using creep test methods modified from the Shell researchers. 
Caution must be exerted when using the results of creep tests 
to define the suitability of specific mixtures. They concluded 
that it is premature to suggest that creep tests can develop 
a new design methodology for asphalt mixtures to mitigate the 
potential for rutting.
United States pavement specialists toured Europe as reported 
in the ENR NEWS [3] in August, 1991. The NEWS reported that 
the mix capturing the most interest was a Stone Mastic Asphalt 
(SMA). SMA gains strength over conventional asphalt by 
reducing the percentage of fine aggregates to provide more 
direct contact between coarse aggregates, adding fillers like 
cellulose fibers, increasing asphalt content, and by using
17
higher quality bitumen with modifiers. Some SMA's incorporate 
larger aggregate size (2" minus) than the pavements presented 
in this study. Also SMA costs are 50% higher than Coarse 
Graded Asphalt pavements (CGA).
In 1991 the Departments of Transportation for Wisconsin, 
Michigan, and Georgia have set up tests of the SMA (from 
European asphalt pavements). Results from these tests have not 
been published, but the initial reaction to SMA is very 
positive. SMA are similar to CGA where the mixes being tested 
have rock-to-rock contact of large aggregates. However the SMA 
are gap or open graded, where CGA have well graded aggregates. 
The voids of the mineral aggregate (VMA) in the CGA mixes are 
less than SMA. The- lower VMA and mineral filler (passing No. 
200 sieve) used in the CGA allows for less asphalt content 
(4%) than the SMA mixes (7%) . All CGA mixes have aggregates 
less than 1 inch diameter, where some SMA mixes can have large 
stones (2 inch diameter).
To evaluate the effectiveness of a coarser graded aggregate 
asphalt mix in mitigating rutting is very difficult. One can 
take the approach, of Brown and Cross [ 9 ], and look at several 
case studies over many years to categorize pavements, or one 
could also test samples and develop laboratory methods to 
evaluate corresponding analogies to pavement performance, or 
as in this study, select a pavement project where the
18
aggregate gradation was controlled to obtain the desired
asphalt mix. This pavement could than be evaluated over
several years and the results compared to similar projects.
From review of literature relating to rut reduction one can
derive the following:
• coarse aggregate mixes are relatively new to the United 
States
• long term performance of SMA are not yet available
• that large stone aggregates in pavements are gaining 
acceptance in reducing pavement deformations
• tests have recently begun by state transportation 
departments in which results have not been published
• Kentucky has used a large stone aggregate mix with 
increased performance
• that little attention has been given in modifying existing 
standards, practices and specifications to coarser 
aggregate gradations, which would take advantage of the 
increased strength and stability inherent in a coarse 
aggregate gradation mix
The coarse aggregate gradation presented in this study differs 
from those of previous studies in the references, in that 
smaller stone aggregates (1" minus) are used. The smaller 
stone aggregates are more in line with current design 
standards and testing methods, and allow for a mix which is 
easier to produce and place.
CHAPTER 2
PURPOSE
The purpose of this study is to show that asphaltic concrete 
pavements constructed with coarse graded aggregates exhibit 
greater resistance to rutting, than pavements constructed with 
fine graded aggregates. The study will (1) present case 
studies where fine and coarse aggregate gradations were used 
in asphaltic concrete pavements, (2) evaluate the rutting 
performance of these pavements by comparative analysis, and 
(3) recommend an optimum coarse gradation range, which would 
be readily adopted in the Clark County Uniform Standard 
Specification, for use on heavy volume collectors and arterial 
streets (Category 1 Streets).
20
CHAPTER 3 
CASE STUDIES
Two completed road construction projects in Clark County were 
chosen for comparative analysis. The projects are Cheyenne 
Avenue, between Losee and Rancho, and Tropicana Avenue, 
between Valley View and Rainbow (Table 1). These two projects 
were very similar; including traffic characteristics, street 
classification, aggregate source, design standards, 
operational methods, and environmental conditions; with the 
exception of aggregate gradation in the pavement and time of
completion.
TABLE 1 
CASE STUDIES
PROJECT LOCATION YEAR
PAVED
AGGREGATE
GRADATION
ASPHALT
GRADE
PAVEMENT
CONDITION
CHEYENNE
AVENUE
Losee to 
Rancho
1990 COARSE 
AGGREGATE 
TYPE 2 
(CGA)
AR-8000 
15% RAP
MINIMAL
RUTTING
TROPICANA
AVENUE
Valley 
View to 
Rainbow
1988 CLARK 
COUNTY 
STANDARD 
TYPE 2
AR-8000 
20% RAP
EXTREME
RUTTING
RAP - Percent of recycled asphalt pavement added to mix at the batch 
plant. RAP is used in the mix to supplement the aggregate. This 
is a very effective recycling program. All testing data collected 
for comparison is after the RAP has been added. Therefore the 
effects on gradation are incorporated into the data.
21
Both projects utilized the Clark County Standard 
Specifications for aggregate gradation. However the Cheyenne 
Avenue project modified the specification to limit the 
gradation range to produce coarse asphaltic concrete mixes, 
where the mix produced on the Tropicana project was of 
standard gradation. The Cheyenne Avenue will be compared as 
the pavement with the coarse aggregate gradation, whereas the 
Tropicana Avenue project will be compared as the fine 
aggregate mix.
Marshall Method of Mix Design [15] is the standard practice in 
the Clark County Area [6]. The job-mix formula is selected by 
the following:
(a) Determine asphalt content required for 4% air voids,
and
(b) Determine the average asphalt content for; (1) maximum
density, (2) maximum stability, and (3) 4 % air voids, 
and
(c) The lower of the asphalt contents obtained for (a) or
(b) will be used as the design asphalt content.
Marshall Design Criteria to be used in preparation of the job- 
mix formula shall meet [6]:
Stability,lbs. 1500 lbs. minimum
Flow, inches 0.08 min., 0.16 max.
Air Voids, % 3 min., 5 max.
VMA, % 14 minimum
23
Although Cheyenne Avenue was completed in 1990, two years 
after Tropicana Avenue, they can be used for comparative 
analysis of rutting, because rutting is usually observed 
within the first couple of years after opening a road to 
traffic.
Tropicana Avenue has a higher traffic count than Cheyenne 
Avenue, 36,300 ADT to 15,500; or 6,050 ADT/lane and 3,878 
ADT/lane respectively. However Cheyenne Avenue has far more 
truck traffic than Tropicana Avenue. Truck counts were not 
specifically available for this study, but other traffic 
studies have indicated that truck traffic on portions of 
Cheyenne Avenue are as high as 40%, where Tropicana may be 
excepted to be around 5%. Considering that trucks cause ruts, 
Cheyenne Avenue1s pavement should have more rutting than 
Tropicana Avenue.
Quality control test data and performance (rutting 
measurements) data for these two projects were compiled. The 
following test and performance data will be the bases of 
comparison for the Cheyenne and Tropicana projects;
QUALITY CONTROL DATA
The data used for comparisons of the case studies are the 
results of normal quality control tests performed for any
24
typical paving project. From the hundreds of oil extraction 
and aggregate gradation tests taken on each project, only 
those results which had Marshall properties are listed in the 
tables.
Samples of the asphalt mix are taken right after the paving 
machine at the time of construction and sent to a testing 
laboratory. Gradation, oil extraction and Marshall tests were 
performed. A report of the results was prepared and from that 
report the following data is presented and compared.
• average of sample aggregate gradation retained on eleven 
sieves
• gradation chart plots of the average gradation
o sample data of the percent of aggregate passing the 1/2", 
#4 and #50 sieves
• percent of asphalt content from the oil extractions tests
• Marshall properties of sample density, Rice or maximum 
density, and stability
• air voids and flow are given but not used in . the 
comparison, unfortunately air void data for the Cheyenne 
project was not available, and flow has to do with asphalt 
properties and not gradation
• frequency distribution curves are plotted from the 
gradation, extraction and Marshall test results
25
PERFORMANCE DATA
To corroborate the effectiveness of each case study, 
measurements were taken of the rut depths near major 
signalized intersections. The location and measurement are 
shown in Table 4 and the corresponding key map in Figure 8. 
The measurements were taken at about 10 feet behind the stop 
bar, at this location the maximum rut depth would normally 
occur. However in many cases, such as Tropicana Avenue, deep 
rutting can extend from the intersections several hundred 
feet. An average of these measurements are plotted versus the 
testing data.
26
CHEYENNE AVENUE
The Cheyenne Avenue project consisted of 4 travel lanes, 2 
parking lanes, a median, curb, gutter, sidewalks, storm 
drains, traffic signals and miscellaneous full width 
improvements. The length of the project was approximately 4.5 
miles long with 91,261 tons of dense graded asphalt concrete 
pavement. A 3/4" open graded mix was placed over the dense 
grade. The road is an arterial with high traffic volumes and 
heavy truck use. A street of this type is defined in the Clark 
County Standards as Traffic Category 1, streets with a Design 
Traffic Number (DTN) of 100 or more, or with signaled 
intersections.
The project specifications were modified from the Clark County 
Specifications to allow for the use of a coarser aggregate. 
Table 2 lists the Uniform Standard Type 2 Gradation, the 
project specification gradation limits and an average of the 
gradation from test results. The project specifications 
required that the gradation would have more coarse aggregate 
than the Standard Type 2. Comparing the Standard Type 2 
gradation with the project specifications in the table, one 
can see that the project specification gradation increased the 
coarser- aggregate (at least 50% above #4 sieve) , required some 
3/4" gravel (3% minimum), and limited fine material to less 
than 15% (amount passing #50 sieve).
27
TABLE 2
AGGREGATE GRADATIONS FOR CHEYENNE AVE. 
PERCENT BY WEIGHT PASSING SIEVE
SIEVE
SIZE
STANDARD 
TYPE 2 
(% passing)
PROJECT 
SPECIFICATION 
(% passing)
AVERAGE OF 
TEST DATA 
(% passing)
1" 100 100 100
3/4" 90-100 84-97 99
1/2" --- 66-82 80
3/8" 56-80 56-72 64
No. 4 35-65 35-50 45
No. 8 23-49 23-38 31
No. 16 --- 17-25 21
No.30 --- 11-19 16
No. 50 5-2 5 7-15 12
No.100 --- 4-12 9
No.200 2-8 3-7 6
Gradation Chart Figure 8 is a plot of the average gradation 
from Table 2. Note that the average gradation is well below 
the 3/4" maximum density line.
Table 3 is the quality control data from the Cheyenne Avenue 
project. Table 4 is the actual field measurements of rut 
depths for the Cheyenne and Tropicana projects, measured in 
February, 1993. The measurements are given for both wheel 
tracks in each lane at the locations shown in Figure 9.
Cheyenne Avenue's lane 3 is a parking • lane, therefore no 
measurements were taken. Table 5 is the average of all the rut 
depth measurements in Table 4 for each intersection and an 
average of the entire project.
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TABLE 4 
MEASUREMENTS OF RUTTING 
DEPTHS ALONG 
CHEYENNE AND TROPICANA AVENUES
PROJECT/ B
O
U
N
D
Lane 1 Lane 2 Lane 3 Turn Lane
I 0 I O I O I O
CHEYENNE
No. 5th W 0.19 0.19 0.13 0.13 none none none none
E 0.06 0.06 0.38 0.38 0.00 0.00
COMMERCE W 0.38 0.38 0.13 0.13 0.25 0.25
E 0.06 0.06 0.38 0.38 0.00 0.00
M.L. KING W 0.13 0.13 0.38 0.38 0.00 0.00
E 0.06 0.06 0.38 0.25 0.00 0.00
DECATUR W 0.00 0.00 0.06 0.06 none none
E 0.00 0.00 0.00 0.00 0.00 0.00
TROPICANA
WYNN W 0.75 0.75 1.25 1.25 0.75 0.75 none none
E 0.50 0.50 0.75 0.75 0.75 0.75 0.50 0.50
CAMERON W 0.38 0.38 1.00 1.00 0.75 0.75 0.50 0.50
E 0.50 0.50 1.0 0.88 0.75 0.75 0.75 0.75
DECATUR W 1.00 1.00 1.00 1.00 0.50 0.50 0.50 0.50
E 0.62 0.62 0.50 0.50 0.50 0.50 0.75 0.75
JONES W 0.75 0.75 0.88 0.88 0.50 0.50 0.50 0.50
E 2.00 2.00 2.25 2.25 0.50 0.50 0.75 0.75
TORREY W 0.50 0.50 0.75 0.75 0.50 0.50 0.50 0.50
PINES E 0.62 0.62 0.50 0.50 0.50 0.50 0.50 0.50
RAINBOW W 0.50 0.50 0.75 0.75 0.50 0.50 0.50 0.50
E 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
W - West bound lanes 
E - East bound lanes
I - Inside wheel track 
O - Outside wheel track
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TABLE 5 
AVERAGE DEPTH AND RANGE 
OF RUTTING DEPTHS ALONG 
CHEYENNE AND TROPICANA AVENUES 
(inches)
INTERSECTION AVERAGE RUT 
DEPTH 
(INCHES)
HIGH RANGE 
(INCHES)
LOW RANGE 
(INCHES)
CHEYENNE AVE.
No. 5th 0.15 0.38 0.00
COMMERCE 0.20 0.38 0.00
M.L. KING 0.17 0.38 0.00
DECATUR 0.01 0.06 0.00
TOTAL AVERAGE 0.13 0.30 0.00
TROPICANNA
WYNN 0.75 1.25 0.50
CAMERON 0.72 1.00 0.38
DECATUR 0.67 1.00 0.50
JONES 1.02 2.25 0.50
TORREY PINES 0.55 0.75 0.50
RAINBOW 0.53 0.75 0.50
TOTAL AVERAGE 0.71 1.17 0.48
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TROPICANA AVENUE
The Tropicana Avenue project consisted of pavement 
reconstruction from Valley View to Rainbow Road, approximately 
3 miles. Tropicana Avenue is a major truck route and is 
classified as Traffic Category 1 (arterial). The gradation 
specifications for this project were the Uniform Standards for 
Clark County, Nevada. Table 6 lists the Uniform Standard Type 
2 Gradation, the Job Mix Formula limits and an average of the 
Tropicana's gradation from quality control test results.
TABLE 6
AGGREGATE GRADATIONS FOR TROPICANA AVE. 
PERCENT BY WEIGHT PASSING SIEVE
SIEVE
SIZE
CLARK COUNTY 
STANDARD 
TYPE 2 
(% passing)
JOB MIX 
FORMULA
(% passing)
AVERAGE OF 
TEST DATA
(% passing)
1" 100 100 100
3/4" 90-100 93-100 100
1/2" --- 87
3/8" 56-80 65-79 78
No. 4 35-65 45-57 57
No. 8 23-49 32-40 43
No. 16 --- --- 32
No. 30 --- --- 27
No. 50 5-25 16-20 22
No.100 --- --- 12
No.200 2-8 3-7 5
35
Gradation Chart Figure 10 is a plot of the average gradation 
from Table 7. Note that the average gradation plot is above 
the 3/4” maximum density line.
Table 7 is the quality control data from the Tropicana Avenue 
project. Actual field measurements of rut depths and rut depth 
averages can be seen in Tables 4 and 5, respectively.
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CHAPTER 3
COMPARATIVE ANALYSIS
The Cheyenne Avenue project, which utilized a coarse asphalt 
mix, had many locations where deformation was unmeasurable, 
with 3/8" the maximum depth of rut (see Table 5). Tropicana 
Avenue has noticeable ruts in every intersection, with some 
measuring over 2" in depth. It is clear from Table 6 that in 
all intersections, Tropicana's pavement rutted far worse than 
Cheyenne1s pavement.
The Tropicana Avenue project had areas of extreme rutting, 
beginning soon after paving. The Wynn intersection had rutted, 
where the Rogers-Cameron intersections had no initial 
distress, as described in a letter from the Project Engineer 
to the contractor, shortly after paving (1988). The Wynn 
intersection had finer aggregates with higher oil content than 
the Rogers-Cameron Intersections. The areas with finer 
gradation and higher asphalt content corresponded with rutted 
areas. The areas of no initial deformations were areas of 
coarser gradations and lower asphalt content. However, in the 
long term, even the Cameron intersection showed signs of 
rutting. The observed rutting occurred in areas where the test 
data showed a finer graded mix had been used. The asphalt 
cement content was greater than that of the Cheyenne project, 
and even higher in those areas with extreme rutting.
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The performance of Rogers-Cameron and Wynn intersections raise 
a very interesting issue. Why would an intersection have 
extreme initial rutting, while another nearby intersection 
performed well? One possibility may become evident by studying 
Table 8 and Gradation Chart Figure 11. Note that the sieve 
analysis curve for the Wynn Intersection is above the 3/4" 
Maximum Density Line, for the larger aggregates, and the 
Rogers-Cameron curve is below. These two example from the same 
project should help corroborate that when the aggregates are 
coarser, the rutting is reduced.
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TABLE 8
AGGREGATE GRADATIONS FOR TROPICANA AVE. 
PERCENT BY WEIGHT PASSING SIEVE
SIEVE
SIZE
STANDARD 
TYPE 2 
(% passing)
ROGERS- 
CAMERON 
(% passing)
WYNN 
(% passing)
1" 100 100 100
3/4” 90-100 100 100
1/2” --- --- ---
3/8" 56-80 70 84
NO. 4 35-65 52 62
No. 8 23-49 38 44
No. 16 --- — — ---
No. 3 0 --- --- ---
No.50 5-25 21 22
No.100 --- 10 11
No.200 2-8 4 5
The frequency distribution curves of Graphs 1,2,3,4,5,6 & 7 
are presented to compare the difference in mixes used on the 
two projects. Graphs 8,9,10,11,12,13,& 14 are plots of average 
rut depth versus the different test data. These graphs are 
presented for comparison to demonstrate that trends do occur, 
between a coarse and fine aggregate mix.
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OTHER CONSIDERATIONS
In recommending changes to the Uniform Standard Specifications 
the following was considered:
• stay within limits of current aggregate gradations;
• allow the use of common testing methods for quality control 
(Marshall tests)
• make no recommendation to modify the specifications which 
would adversely affect the product, mix design, paving 
operations or cost
• And most importantly present a case study or completed 
project where the modified gradation has worked as expected 
in the field.
Although numerous paving projects could be considered as case 
studies, five were selected. The five projects were separated 
into two groups. The first group consists of two projects 
which were used as the Case Studies. The second group of 
three projects is presented in the appendix as reference. 
Paving has recently been completed on the second group of 
projects, therefore long term performance data was not 
available. However each project had contributed to 
corroborating the effectiveness of a coarse aggregate and 
establishing the optimum gradation, but a thorough comparative 
analysis could not be done on the second group.
The second group of projects is presented in the appendix, and 
may be used for future reference. Two of these projects, 
Decatur Boulevard from Rancho Road to Craig Road, and Craig 
Road from Losee Road to Decatur Blvd., utilized a coarse 
graded asphalt mix established from the Cheyenne Avenue 
pavement. The third project, Lake Mead from Losee Road to 
Rancho Road, utilized a fine aggregate gradation mix. Each 
project is located in the City of North Las Vegas, Clark 
County, Nevada (see map in appendix). From this study, one may 
expect that as the pavements in group two age, the future 
rutting should perform similar to the pavement in group one. 
The Lake Mead project had used a fine aggregate mix, typical 
to that used on Tropicana, and rutting has been observed in 
its first year of service. The pavements on Decatur Boulevard 
and Craig Road utilized a coarse aggregate asphaltic concrete 
mix similar to the Cheyenne Avenue project. These pavements 
have recently been open to traffic, however no initial rutting 
has occurred.
The Decatur Boulevard, Craig Road and Lake Mead Boulevard 
projects are presented in the appendix to setup trail 
pavements for future observation and comparisons.
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ADVANTAGES AND DISADVANTAGES
To assess the impact of the modified gradation specification 
used on the Cheyenne Project, the Decatur Boulevard and Craig 
Road contract documents incorporated the modified gradation 
limits in the specifications. The bid results from these two 
projects was no different than would have been expected with 
the standard specifications for gradation (see Table 9). In 
the case of Craig Road the bid price for asphalt pavement was 
the lowest submitted to the City of North Las Vegas in many 
years. Therefore, one can derive that coarse aggregate 
gradation has no effect on the bid prices under a competitive 
environment.
TABLE 9 
COST COMPARISON OF 
ASPHALTIC CONCRETE PAVEMENT
PROJECT YEAR BID BID PRICE 
(TONS)
CHEYENNE AVENUE (coarse) 1989 $21.00
TROPICANA AVENUE (fine) 1988 N/A
DECATUR BOULEVARD (coarse) 1991 $21.50
CRAIG ROAD (coarse) 1992 $19.18
LAKE MEAD BOULEVARD (fine) 1990 24. 00
N/A - Not Available
() - indicates type of aggregate gradation
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The coarse aggregate gradation performed best when the film 
thickness is reduced. The results are asphalt concrete with 
less bitumen content. This has the potential of reducing 
future pavement costs, once the constructors/producers 
realizes the savings in oil.
The plantmix producers and contractors in Clark County have 
made, or are in the process of making, modifications which 
will allow efficient batching of the coarse mixes.
The few problems which did arise from observations of the five 
projects, or may have been addressed in the literature, were;
• SEGREGATION OF THE AGGREGATE WHEN PLACING THE MIX 
During the paving of the study projects, the contractor had 
not experience any appreciable segregation in the paving 
operation. If small pockets of segregated aggregates was 
observed behind the paver, the Rake Man would spread and 
smooth the area with a shovel of the asphalt mix, prior to 
rolling.
When the surface of the pavement has pockets of segregated 
aggregate, forming a rough texture, this does not present a 
problem when a fine or open graded mix is used as the surface 
course. A benefit of aggregate segregation on the finished
60
surface, when not covered or raked would increase the skid 
resistance. A'disadvantage of segregated areas on the finished 
surface is the increased potential of aggregate stripping 
occurring. However to date this has not presented a problem.
• INCREASED COST
Increased costs are generally feared whenever a change to a 
specification or a new process is contemplated. Bidding 
results have shown that this is not the case with coarser 
aggregates mixes. The opposite may be true when the reduction 
of asphalt content is considered.
• MORE POROUS OR ROUGH SURFACE FINISH
The coarser aggregate will cause the surface texture to be 
rougher than a fine asphalt mix. This can be found to be a 
disadvantage in pedestrian areas or when aesthetics are 
important, although a rougher surface can be an advantage for 
increased skid resistance.
• COMPACTION
The rutting resistance of a pavement is directly proportional 
to effective compaction during construction. The coarse graded 
aggregate mixes must have adequate compaction to achieve rock- 
to-rock contact. Without rock-to-rock contact the stress 
cannot be relieved through the rock matrix as discussed 
earlier. Additional compaction effort can be required to
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obtain rock-to-rock contact with some mixes, although other 
mixes can result in less compaction effort. The Decatur 
Boulevard project's pavement density was obtained within a few 
passes of the roller. The Density-vs-Blows Curve (see Curve 1) 
can give a laboratory indicator of the compaction effort 
during construction. As can be seen in Curves 2 & 3, the 
compaction effort is not solely a function of gradation, but 
of the individual mixes.
Reasoning follows that when a coarser aggregate mix achieves 
rock-to-rock contact, no additional compaction is necessary. 
To demonstrate the compaction effort needed for rock-to-rock 
contact, a Blow vs. Density curve can be plotted. The curve is 
derived from a series of samples made for the design mix 
formula, each with progressive hammer blows to the sample 
(50,60,70,75,80,90&100). The corresponding density is plotted 
versus the number of blows. The resulting curve represents the 
amount of effort to compact the sample, this curve is referred 
to as the Energy Curve. Curve No. 1 is an example of the 
types of curves which can be found. The curve can represent 
the compaction effort needed in the field at the time of 
paving and the potential for asphalt reduction. The 75 blow 
Marshall Design Method was used for the job-mix formula on the 
Decatur and Craig projects. If the curve breaks before 75 
blows, the mix will easily obtain rock-to-rock contact and 
have adequate oil content. If the curve breaks after 75 blows,
62
more compaction effort will be required and lesser percentage 
of asphalt could be used.
Curve No. 2 was derived from the Craig Road asphalt mix. It 
breaks at 75 blows. This asphalt will require average 
compaction effort with no adjustment of bitumen.
Curve No. 3 was derived from the Decatur Boulevard's design 
mik formula. This curve is flat, which indicates that the 
break was before 50 blows, which indicated very little 
compaction effort and a reduction of bitumen is advised. This 
was found to be a good indicator, as during construction the 
pavement obtained +90% compaction with just a few passes of 
the roller, with quality control test result showing that less 
oil contents could be allowed.
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CHAPTER 5
RECOMMENDATIONS
The use of a coarse aggregate in the asphaltic concrete 
pavement has the potential of reducing ruts without additional 
costs. A recommendation to revise Section 703 "AGGREGATES FOR 
BITUMEN COURSES" of the Uniform Standard Specifications for 
Public Works* Construction Off-Site Improvements, Clark County 
Area, Nevada, was presented to the Clark County Regional 
Transportation Commission (RTC) Specifications and Technical 
Committees. The aggregate gradation recommendations were based 
on the findings from the Cheyenne Avenue project. The optimum 
aggregate gradations found from the Cheyenne project were 
presented and reviewed by governing agencies, the engineering 
community, trade associations, specials interest groups, 
asphalt producers and paving contractors. Public meetings were 
held by RTC for final comment. The comments and reaction from 
this process were very positive, with the revised Section 703 
to appear in the next printing of the Uniform Standards 
scheduled for Spring 1993.
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SPECIFICATIONS
The following is a recap of the thought and reasoning which 
contributed to the revision to the specifications;
Rutting is most predominant in high traffic and heavy loaded 
roads (Category I). The pavement performance for a Category I 
type street is critical. Category I streets include arterials, 
major collectors and truck routes with a Design Traffic Number 
(DTN) of 100 or more. The Category I street will typically 
have a high volume of truck traffic, resulting in higher 
pavement degradation than in a Category II street (local or 
residential streets with DTN less than 100). Therefore the 
recommended aggregate gradation change should only apply to 
Category I pavements.
The present aggregate gradations within the Clark County 
Standard Specifications allow for a wide range of aggregate 
gradations. The proposed revision to the Specifications will 
separate the allowable gradations into two limits: one coarse, 
the other fine. The proposed coarse gradation will be used 
solely on Category I arterial streets. The Type 2 Fine 
gradation can be used on Category I residential/collector 
streets or as an option for the Project Engineer.
The case studies which used coarse aggregates have assisted in
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establishing the optimum gradation. The Uniform Standard 
Specification's current Type 2 gradation is listed in Table 
10. The first column is the current Clark County Uniform 
Standard Specification of a Type 2 Aggregate For Bituminous 
Courses Section 705; Columns two and three indicate the 
proposed coarse and fine graded aggregates, respectively; As 
a comparison, the last column is the aggregate gradation which 
was be used as a target for the Decatur Boulevard and Craig 
Road projects.
TABLE 10
SPECIFICATION GRADATIONS FOR TYPE 2 AGGREGATE 
PERCENT BY WEIGHT PASSING SIEVE
SIEVE
SIZE
STANDARD 
TYPE 2
% jpassing
PROPOSED 
TYPE 2 
COARSE 
% passing
PROPOSED 
TYPE 2 
FINE 
% passing
PROJECT 
TARGET 
GRADATION 
% passing
1" 100 100 100 100
3/4" 90-100 84-97 90-100 84-97
1/2" — — 66-82 78-94 66-79
3/8" 56-80 56-72 68-84 56-69
No. 4 35-65 35-50 50-65 35-49
No. 8 23-49 23-38 30-49 23-31
No. 16 --- --- --- 14-22
No. 30 --- --- --- 10-18
No. 50 5-25 5-19 7-25 5-13
No. 100 --- --- --- 4-8
No. 200 2-8 2-7 2-9 2-6
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The plantmix produced for the Decatur project consistently 
lacked any one inch rock. The absence of this rock tended to 
cause the mix to be fine. The presence of one inch rock 
assisted in .the objective of rock-to-rock contact.-It was felt 
that some minimum percent of rock greater than 3/4" was 
important in the formulation of a gradation for adoption in 
the standard. The gradation was modified to include a minimum 
of 3% passing the 3/4" sieve.
SECTION 705, AGGREGATES FOR BITUMINOUS COURSES, should be 
changed as follows:
(excerpt)
PHYSICAL PROPERTIES AND TESTS
705.03.01 Plantmix and Roadmix Bituminous Base and Surface Aggregates, 
Types Two and Three: The aggregate shall conform to the following
requ irement s;
SIEVE SIZE PERCENT BY WEIGHT PASSING SIEVE
Type 2 Type 2
COARSE FINE TvDe 3
1" 100 100 --
3/4" 84-97 90-100 --
1/2" 66-82 78-94 100
3/8" 56-72 68-84 90-100
No. 4 35-50 50-65 55-85
No. 8 23-38 30-49 32-67
No. 50 5-19 7-25 7-27
No. 200 2-7 2-9 2-10
Gradation Chart Figure 12 is a plot of aggregates band widths 
for the old Standard Type 2 and the proposed Type 2 Coarse.
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CONCLUSION
Although the cause of the rutting can be site specific for 
each pavement section and mix design, and can be associated 
with a wide range of causes, the limited case studies herein 
have indicated that when a coarse aggregate is used with a 
minimum asphalt cement content that pavement rutting is not as 
prevalent as with a finer gradation.
The optimum gradation should be targeted just below the 3/4" 
maximum density line. This will provide the desired coarser 
gradation for the mix. The gradation should allow for adequate 
voids of the mineral aggregate (VMA) for the required binder 
and air. The bitumen cement content should be established from 
the mix design and energy curves. In most cases reducing the 
asphalt content in the plant mix can be done without adversely 
affecting the performance. However care should be taken that 
the minimum film thickness is retained on the aggregate.
Due to the limited number of projects utilizing coarse 
aggregate gradations, further study should be done to 
corroborate the findings of this study. Testing methods could 
be developed which determine if rock-to-rock contract is being 
achieved during construction. Laboratory analysis of mix 
designs in reducing rutting could be developed. Some testing 
methods similar to the creep testing could be enhanced and
72
made commonly available.
Many communities can benefit from the experiences of utilizing 
a COARSE AGGREGATE GRADATION in the asphaltic concrete 
pavement. Copies of the revised Uniform Standard 
Specifications developed from the Case Studies can be obtained 
by contacting the Regional Transportation Commission, 301 E. 
Clark Avenue, Suite 300, Las Vegas, Nevada.
Further studies should be commissioned to determine the long 
term rut reduction of the case studies presented herein, and 
to establish additional data and observations of projects 
which will be utilizing the new Coarse Aggregate Gradation 
specifications, in Clark County, Nevada.
APPENDIX I
ADDITIONAL CASE PROJECTS
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DECATUR BOULEVARD
The Decatur Boulevard project consisted of 6. travel lanes, a 
median lane, curb, gutter, sidewalks, storm drains, street 
lights, signals and miscellaneous full with improvements. The 
length of the project was 1.75 miles with 27,895 tons of dense 
graded asphalt concrete pavement. A 3/4” open grade was placed 
over the dense grade. The road is currently a major collector 
with future arterial potential.
This project was closely monitored for this study. The 
oversight extended from preparations of the specifications,• 
competitive bidding, through construction. Meetings were held 
with the contractor to establish the purpose and intent of the 
asphalt concrete. Feed back from the contractor, pavement 
consultants, testing laboratory and inspection personnel were 
solicited and incorporated in this study. The aggregate 
gradation for this project was incorporated in the bid 
documents. The gradation was established from the findings of 
the Cheyenne Avenue project.
Test results from the paving operation are given in Table 10 
and is plotted in Gradation Chart Figure 14. Note that the 
plot is well below the maximum density line.
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TABLE 10
AGGREGATE GRADATIONS FOR DECATUR BLVD. 
PERCENT BY WEIGHT PASSING SIEVE
SIEVE
SIZE
STANDARD 
TYPE 2 
(% passing)
PROJECT 
SPECIFICATION 
(% passing)
AVERAGE 
TEST DATA 
(% passing)
1” 100 100 100
3/4" 90-100 84-97 96
1/2" --- 66-82 79
3/8" 56-80 56-72 61
No. 4 35-65 35-50 37
No. 8 23-49 23-38 26
No. 16 _ _ _ 17-25 20
No.30 --- 11-19 15
No. 50 5-2 5 7-15 12
No.100 --- 4-12 9
No.200 2-8 3-7 6
Light traffic has been on this pavement throughout 
construction (since April 1992) with no observed rutting.
The asphalt content was designed and tested to be 4.0%. 
Although many samples had oil contents in the low 3% range.
The Decatur Boulevard project established that a coarse graded 
mix can be produced and placed with few adverse problems. Also 
the project showed that a coarse aggregate specification did 
not effect bid prices or limit competition. The project
furthered the local knowledge, experiences and awareness of 
this concept, and furthered the acceptance of a coarser mix. 
The pavement compacted well and the surface was relatively 
smooth for a coarse mix. Segregation was not a problem. The 
plant mix produced for the project consistently had 1% less 
oil content than indicated in the mix design.
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CRAIG ROAD
The Craig Road project is currently under construction. The 
project will add one additional travel lane in each direction. 
The length of the project is 5 miles with 22,410 tons of dense 
graded asphalt concrete pavement. The road is currently an 
arterial with heavy truck traffic.
The aggregate specification was the same as Cheyenne and 
Decatur projects (Table 11). Gradation Chart Figure 15 is the 
aggregate plot for data in Table 11.
TABLE 11
AGGREGATE GRADATIONS FOR CRAIG ROAD 
PERCENT BY WEIGHT PASSING SIEVE
SIEVE
SIZE
STANDARD 
TYPE 2 
(% passing)
PROJECT 
SPECIFICATION 
(% passing)
AVERAGE 
TEST DATA 
(% passing)
1" 100 100 100
3/4" 90-100 84-97 98
1/2" ------ 66-82 75
3/8" 56-80 56-72 65
NO. 4 35-65 35-50 45
NO. 8 23-49 23-38 29
No. 16 ------ 17-25 18
No.30 ------ 11-19
No. 50 5-25 7-15 10
No.100 4-12 ----—
No.200 2-8 3-7 6
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To date the pavement on Decatur Boulevard has not experience 
any rutting. Traffic has been on sections of the pavement for 
about a year. The asphalt content averaged about 3.5%. The bid 
prices for asphaltic concrete were relative low. This 
reinforces the cost effectiveness of this specification.
Unlike the Cheyenne and Decatur projects, the final lift of 
pavement will not be an open grade mix. The surface texture of 
a coarse asphalt mix can appear pores, rough or simply coarse. 
This can be found objective by some or may result in future 
stripping of the pavement. Although stripping has not 
presented a problem, partly due to the open graded surface 
lift.
On this project a finer asphalt mix will be used on the final 
lift. The performance of this pavement can be observed in the 
future with interesting results.
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LAKE MEAD BOULEVARD
The Lake Mead Boulevard project consisted of 4 travel lanes, 
a median lane, curb, gutter, sidewalks, storm drains, street 
lights, signals and miscellaneous full with improvements. The 
project was constructed in two phases. One phase from 1-15 to 
Tonopah. The other from Tonopah to Rancho. The total length 
was approximately 3 miles. A 3/4" open grade was placed over 
the dense grade. The road is currently a major collector with 
future arterial potential.
The aggregate gradations were based on the Clark County 
Standard Specification. The test result are plotted on 
Gradation Chart Figure 16. Rutting has began observed around 
the Losee Road intersection.
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TABLE 12
AGGREGATE GRADATIONS FOR CRAIG ROAD 
PERCENT BY WEIGHT PASSING SIEVE
SIEVE size STANDARD TYPE 2 
PROJECT SPECIFICATION 
(% passing)
AVERAGE OF TEST 
DATA FORM SAMPLES 
(% passing)
1" 100 100
3/4" 90t 100 99
1/2" --- ---
3/8" 56-80 75
No. 4 35-65 42
No. 8 23-49 30
No. 16 --- ---
No. 30 --- ---
No. 50 5-25 14
No. 100 --- ---
No. 200 2-8 6
Although this pavement has only been subject to traffic since 
March 1992 the pavement in intersections, such as Losee Road, 
has shown rutting. Cores were taken in this intersection where 
1-2 inches ruts had occurred. The cores indicated fine graded 
aggregates were used. The quality of the photographs taken of 
the cores are not clear.
The Asphalt content from the test data varied from a low of 
3.4% to as high as 7%. The exact asphalt content at the rutted 
areas was not found.
This pavement will present a good bases for future performance 
evaluations. Observations can be made with Decatur Blvd. and 
comparisons made.
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APPENDIX II 
UNIFORM STANDARD SPECIFICATIONS 
FOR
PUBLIC WORKS'CONSTRUCTION OFF-SITE IMPROVEMENTS 
CLARK COUNTY AREA 
NEVADA
SECTION 703
SECTION 705
AGGREGATE FOR BITUMINOUS COURSES 
SCOPE
705.01.01 MATERIALS COVERED: This specification covers the quality and size of the
local mineral materials and commercial mineral fillers used in bituminous base and surface 
courses.
REQUIREMENTS
705.02.01 UfciMfcJKAL: The mineral aggregate shall be the crushed and screened 
product of approved deposits. The Engineer reserves the right to prohibit the use of 
aggregates from any source when:
(a) The character of the material is such, in the opinion of the Engineers, as to 
make improbable the furnishing of aggregates conforming to the requirements 
of these specifications.
(b) The character of the material is such, in the opinion of the Engineer, that undue 
additional costs may be accrued by the Contracting Agency.
The mineral aggregate shall be clean, hard, durable, free from frozen lumps, 
deleterious matter, and harmful adherent coatings.
705.02.02 Dta-xClhNCIES: If the product of any deposit is deficient in the fraction passing 
the No. 50 sieve, additional filler from other approved deposits meeting the physical 
requirements may be added. The added material shall be fed to the drier in a  uniform manner 
from a  separate stockpile. If the added material is a commercial mineral filler, it shall be 
uniformly fed directly to the plant This is not to be construed as a  waiver of any of the 
requirements contained herein. ...
PHYSICAL PROPERTIES AND TESTS
705.03.01 PLANTMIX AND ROADMIX BITUMINOUS BASE AND SURFACE AGGREGATE. 
TYPES TWO 1YFINE AND COURSE)! AND THREE: The aggregate shall conform to the
following requirements:
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SIEVE SIZE
1 Inch 
3/4 Inch 
1/2 Inch 
3/8 Inch 
No. 4 
No. 8 
No. 60 
No. 200
Typo 2 
(Coarse) 
Arterials 
100 
84-97 
66-82 
86-72 
35-60 
23-38 
5-19 
2-7
Plasticity Index 
Liquid Limit . . .
PERCENTAGE BY WEIGHT 
PASSING SIEVE
Type 2 
Fine 
Residential/ 
Collector 
100 
90-100 
78-94 
68-84 
60-65 
30-49 
7-26 
2-9
PROTECT TESTS TEST METHODS
Sieve Analysis ............................ AASHTO T27
Sampling Aggregate .................  ASTM D 76
Fractured Faces.......................... NEV. T 230
• ASTM D 424 
ASTM D 423
TypeJ
100
90-100
56-85
32-67
7-27
2-10
REQUIREMENTS
Above
75% Minimum for 
Traffic Category I
50% Minimum for 
Traffic Category II
6% Maximum
35% Maximum
SOURCE TESTS TEST METHODS REQUIREMENTS
Stripping Tests . . . . '       ASTM D 1664 Satisfactory
Percentage of Wear
(500 REV.)....................................... ■ ASTM C 131. • 46% Maximum
705.03.03 PLANTMGCBITUMINOUS OPEN-GRADED SURFACE AGGREGATE: The aggregate 
shall conform to the following requirements:
SIEVE SIZES PERCENTAGE BY WEIGHT
PASSING SIEVE
1/2 In ch .....................................................................................  100
3/8 In ch .....................................................................................  95-100
No. 4   35-65
No. 8   5-15
No. 200   0-3
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ERQIEgT. TSSIS..........  TES-T-MEm QPS REQUIREMENTS
Sieve Analysis ............................ AASHTO T27 Above
Sampling Aggregate .................  ASTM D 78 ------
Fractured FaceB.......................... NEV. T 230 90% Minimum
sq.ur.c e  TESTS TEST_ m ethods  REQUIREMENTS
Stripping Tests............................ ASTM D 1664 Satisfactory
Percentage of Wear
(600 REV.)..................................  ASTM C 131 37% Maximum
706.03.04 COMMERCIAL MINERAL FILLER: Commercial mineral filler shall conform to the 
requirements of AASHTO M 17.
705.03.05 SCREENINGS: The screenings shall conform to the following requirements:
SIEVE. SIZES PERCENTAGE BY WEIGHT
PASSING SIEVE
1/2 Inch 3/8 Inch
1/2 Inch ..............   100 —
3/8 In ch .............................................................  95-100 100
No. 4  ; ............ 35-55 20-46
No. 16 .............................. ............ ; ............  5-15 0-6
No. 200   0-3 0-2
PROTECT TESTS ■ TEST METHODS REQUIREMENTS
Sieve Analysis ...............AASHTO T27 Above
Sampling Aggregate..................  ASTM D 75 . ------
Fractured Faces............... .. NEV. T 230 90% Minimum
SOURCE TESTS TEST METHODS REQUIREMENTS
Stripping Tests............................ ASTM D 1664 Satisfactory
Percentage of Wear
(500 REV.)..................................  ASTM C 131 37% Maximum
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705.03.06 SAND BLOTTER; The Band shall conform to the following requirements:
SIEVE SITES PERCENTAGE BY WEIGHT
PASSING SIEVE
1/2 In ch .....................................................................................  100
No. 4   90-100
No. 16    . ..........................................  30-75
No. 200   0-12
PROTECT TESTS  .....................  TEST METHODS . . . .  REQUIREMENTS
Sieve Analysis  .....................  AASHTO T27 Above
Sampling Aggregate   ASTM D 75 ------
Organic Impurities  ASTM C 40 ________
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